We have made extensive studies of the temperature, gate voltage, and electric field dependences of the conductance peaks in small silicon inversion layers in order to distinguish between resonanttunneling models and a hopping model. We find that many of the peaks are consistent only with a hopping model, whereas some could be consistent with One of the first theories put forward to explain the existence of the peaked structure is the resonanttunneling theory. The T=0 theory8 demonstrates the existence of large, reproducible, sample-dependent structure in the conductance as a function of Fermi energy. The basic idea is that at special values of the Fermi energy constructive interference in the electronic wave functions can be expected, and this interference leads to a large increase in the transmission probability. Recently it has been argued by Azbel and coworkers9 'o that when both thermal population effects and inelastic scattering are taken into account, the temperature dependence of the peaks should be
where 1~q~4 and 7l is a constant for any one peak, with 4 corresponding to unity transmission probability.
As mentioned above, none of our low-temperature data can be best described by this equation. At high temperature the peaks merge and the average behavior is described by the normal variable-range-hopping con- If a single peak persists to high enough temperature without overlap from neighboring peaks, the Boltzmann approximation used in Eq. (3) is no longer valid. Equation (3) then generalizes to ir=~r""exp[ -2n;, r"" -(I/2kBT)(IE; -p I+ IE, p, I+ -IE; -Ejl)], where 1/n is the extent of the localized wave functions, r j is the separation between hopping sites, E, and Ej are the site energies, p, is the chemical potential, and o-"" is the appropriate prefactor for this process. This shows that a peak at low temperature will be simply activated, and that off of the peak the slope of the curves in Fig. 1 should correspond to 1/kBT and be the same for both sides of the peak. Equation (3) predicts that the conduction is flat between E, and Ej (finite width at zero temperature) and that the peak position is independent of temperature.
However, when two hops are taken in series, the situation qualitatively changes. If we describe each hop by Eq. (3), form the series combination, and solve for the peak position, we obtain a = [cr, 
where F is the Fermi function and N is the Bose function. If a voltage is applied, Ej -E, must be modified. " However, when all of the resistance is between sites i and j, the Fermi functions are not modified by the applied voltage but take their equilibrium values. A similar but more complicated equation can be written for the case where two hops are in series. It is clear that deviations from a simple activated behavior can be expected. The data for the peak at 4.5175 V shown in Fig. 2 Fig. 3 at the two lowest temperatures show a negative differential resistance region at negative VsD. We have not observed this for any of our other peaks but point out that in a hopping model one should expect modified behavior in the I Vcharacteristics whe-n the source-drain voltage becomes comparable to the ener-
